The association of diet with low density lipoprotein cholesterol (LDL-C) and total triglycerides, as well as with total and very low density lipoprotein cholesterol (VLDL-C), was investigated in a random sample of 4374 white participants aged 20 to 59 years seen by the Lipid Research Clinic Prevalence Study. Carbohydrate and total calories were negatively associated with LDL-C. There was also a statistically significant positive association of LDL-C with the percentage of total calories from fat. These three findings are generally consistent with what other cross-sectional studies have reported for the relation of diet with total cholesterol levels. The only diet variables significantly related to triglyceride levels in both men and women were the percentage of calories from fats, particularly polyunsaturated fatty acids (PFA), the P/S ratio, and the number of grams of PFA per day, all of which were inversely associated with the level of this lipid. (Arteriosclerosis
I t has been well demonstrated that high levels of plasma total cholesterol or of low density lipoprotein cholesterol (LDL-C) are associated with a high incidence of coronary heart disease (CHD). This has been observed in comparisons of different populations 1 and in prospective investigations within populations, 2 as well as in clinical studies. Factors related to the level of these lipids are therefore of considerable interest.
It has been unequivocally shown that the levels of total cholesterol and LDL-C can be substantially altered by dietary changes. 3 " 11 However, other factors can also influence these levels. It is still not clear how much of the variation from person to person in any given population is attributable to differences in their diet and how much is attributable to other factors.
On this subject the epidemiological evidence is ambiguous. While interpopulation comparisons generally show that diet plays an important part in determining the level of total plasma cholesterol, crosssectional studies within populations have found the association between individuals' diets and their total plasma cholesterol levels to be weak. 1 ' 12~14 These two conclusions are not necessarily contradictory, of course, but they have generated differences of opinion about the importance of diet as a factor in controlling lipid levels and as a risk factor for coronary heart disease.
This report describes the relation of diet to lipid levels. It is based on cross-sectional data collected from the populations studied in the Prevalence Study of the Lipid Research Clinics (LRC) Program. Diets were determined from a 24-hour recall. The plasma lipids measured were total cholesterol and total triglycerides; the lipoprotein cholesterol fractions measured were high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), and very low density lipoprotein cholesterol (VLDL-C).
Most data on diet and lipids are reported for total blood cholesterol only. It is now recognized that the components of total cholesterol (HDL-C, LDL-C, and VLDL-C) play quite different roles in the development of disease and hence should be considered separately. 15 In a previous report from the LRC Prevalence Study, the relation of diet to high density lipoprotein (HDL-C) was described. 16 It was found that the more alcohol or the less carbohydrate (starch or sucrose) that was consumed, the higher the level of HDL-C. No significant association was found between HDL-C and dietary cholesterol, polyunsaturated fatty acids (PFA), or saturated fatty acids (SFA).
This analysis extends the exploration of diet-lipid relationships to LDL-C and triglycerides. Since the classical diet-lipid hypotheses and most of the available population data refer to total cholesterol, data on this lipid are included. The data on VLDL-C, a lipoprotein fraction highly correlated with total plasma triglycerides, are also included. This report completes our systematic exploration of the LRC data on the relation of diet to all these lipids and lipoprotein fractions.
Methods

Background
The Prevalence Study of the LRC Program is based on a series of cross-sectional, two-stage population surveys begun in 1971, 17 Participating were 10 North American (nine U.S. and one Canadian), one Israeli and two U.S.S.R. clinics, all of which followed a standardized protocol. This report is restricted to data from the 10 North American clinics.
Participants were sampled from noninstitutionalized populations. Each LRC provided an independent population study, but as a group they provided a diverse representation of the North American population. The target populations covered a broad range of geographic, socioeconomic, occupational, and ethnic groups. Three different kinds of populations were studied: school children and their parents, residential households, and occupational and industrial groups. 17
Screening Visits
The Prevalence Study involved two sequential examinations. The first (Visit 1) was a brief visit to collect information on sociodemographic variables and on the use of lipid-altering medication. Plasma total cholesterol and total triglyceride levels were measured in fasting participants. Persons who were part of a 15% random sample of those who attended Visit 1 or who had elevated lipid levels or were taking lipidaltering medication were asked to return for a second, more extensive examination (Visit 2). This group totalled approximately 25% of the Visit 1 participants. Personal and family histories relevant to atherosclerosis, a detailed drug history, and a 24hour dietary recall were recorded at Visit 2, as were measurements of plasma lipids and lipoproteins, blood pressures, clinical chemistries, resting and exercise electrocardiograms in adults, and anthropometric variables. For the first sceening visit in the North American LRCs, 81,926 persons were eligible and 60,502 were seen (73.8% response). For the second visit, 16,335 participants were eligible and 13,852 were seen (84.8% response).
Since there were relatively few black participants at Visit 2, the following analyses include only white adults. Only persons 20 to 59 years of age are included. The data are restricted to men and women who were fasting, who reported their alcohol intake for the previous week, who reported their cigarette smoking habits, and for whom lipid and lipoprotein determinations were made. Persons who were currently taking lipid-lowering drugs, antihypertensive compounds, or hypoglycemic agents were excluded from these analyses. Pregnant women were also excluded.
Lipid Laboratory Procedures
The highly standardized LRC lipid laboratory procedures have been described elsewhere in detail. 18 The protocol required blood specimens from participants who had been fasting at least 12 hours. Venipuncture was performed with the participants in a sitting position; a tourniquet was used but was released before sampling to avoid artifactual increases in the concentration of plasma lipids. All samples were cooled immediately on wet ice, and the processing was begun in a standardized manner within 3 hours after venipuncture. Each clinical laboratory analyzed samples collected by that clinic. To control long-term drift and interlaboratory variation, identical systems of internal quality control and external surveillance were used in each laboratory. 18 Measurements of cholesterol and triglycerides were highly reliable. 19 -21 
Dietary Data
All Visit 2 participants were asked to recall what they had eaten or drunk the previous day. The dietary recall interviews were conducted in the clinics by dietitians who had received extensive training in eliciting and recording detailed information on the participants' dietary intake. Special attention was paid to foods and food preparation methods that contributed to the fat or cholesterol content. The dietitians, who had been certified to collect dietary data according to common protocol, maintained their skills through participation in a centrally coordinated, bimonthly education program.
The dietary recalls were coded at a central facility, the Nutrition Coding Center, which maintained a quality control system to monitor the reproducibility of coding. The nutrient composition of the food in the recall was calculated using the National Heart, Lung, and Blood Institute's (NHLBI) Table of Food Composition, which is based on the United States Department of Agriculture data, supplemented by regular consultation with experts in food composition, manufacturing, and marketing. 22 The Table of Food Composition has been continually updated to reflect changes in the composition of commercial food products. The NHLBI table does not include information on micronutrients or dietary fiber but does specify the major types of fat and carbohydrates. The final editing and data analysis were the responsibility of the Central Patient Registry and Coordinating Center. Only data from reliable recalls have been included here.
Even with the best efforts at maintaining an accurate and current Table of Food Composition, there were two nutrient categories that were particularly elusive-the type of fat and the type of sugar used in commercial food preparation. These vary according to availability and cost. Frequent updating of data on commercial products has helped minimize the errors from this source.
Another potential source of error in the characterization of sugar intake is the categorization of carbohydrate as sucrose, starch, or other carbohydrate in the NHLBI Table of Food Composition. This system identifies sugar as sucrose, and corn sweeteners as "other carbohydrate." However, corn sweeteners are in fact another form of sugar; hence, the sucrose intake reported in this paper underestimates the total sugar consumption. These problems have been discussed in a previous publication. 16 
Measurement of Alcohol Intake
Alcohol intake data were obtained at Visit 2 by the 24-hour dietary recall and by separate interview questions about alcohol use during the previous week (7-day recall). In the 7-day recall, each participant was asked how many bottles of beer and glasses of wine, mixed drinks, and liqueurs had been consumed during the past week. This information was converted into ounces of alcohol by assuming that each bottle of beer was 12 ounces (0.432 ounces alcohol), each glass of wine was 3 ounces (0.366 ounces alcohol), each mixed drink had 1.5 ounces of whiskey (0.645 ounces alcohol), and each glass of liqueur was 1 ounce (0.300 ounces of alcohol). The total was multiplied by 29.574 and divided by 7 to express the usual alcohol consumption as milliliters per day. Statements about alcohol consumption refer both to data from the 24-hour recall and from the 7-day history. Alcohol-lipid statistics are essentially the same regardless of which of these two alcohol histories is used.
Measures of Nutrient Intake
The total energy intake (kcal) and the absolute amount, as well as the percentage, of total energy intake of the following diet variables were evaluated as part of our analyses: protein, fat, polyunsaturated fatty acids (PFA), saturated fatty acids (SFA), monounsaturated fatty acids (MFA), carbohydrates, sucrose, starch, other carbohydrates, and alcohol. Except for alcohol, which was reported in milliliters, these variables were reported in grams. Also included were PFA, SFA, and MFA as a percentage of total fat, as well as the P/S ratio (the ratio of PFA to SFA) and the C/S ratio (defined as the ratio of starch to the sum of sucrose and other carbohydrate). Energy intake was also expressed as per kilogram of body weight. Dietary cholesterol was expressed as milligrams and as a ratio to energy intake (per 1000 kcal). Energy intake and calorie intake are used interchangeably in our report, and both are expressed as kilocalories.
Statistical Procedures
The major analytical problem was to condense the data without losing track of its particularity. This was done by first examining each specific piece in detail before appealing to summary statistics. Scatter diagrams were examined for any substantial evidence of nonlinear relations between nutrients and lipids or lipoproteins. None could be discerned. Thus, it was deemed acceptable to use Pearson product-moment correlation coefficients as a measure of association. Since both diet and plasma lipids varied by age, sex and, for women, by hormone use, analyses specific for these variables were used. Correlation coefficients for each 10-year age group were therefore calculated separately for three groups: men, women using gonadal hormones, and women not using gonadal hormones. Finally, a summary statistic in the form of an average correlation coefficient for each sex was calculated. The division by sex was retained because the correlation coefficients for men and women frequently differed significantly. The two groups of women were combined because their correlation coefficients were generally the same. To obtain the summary statistics, the specific correlations were weighted by the proportion in the specific group and the data for all the age groups (for men) or all the age-hormone groups (for women) were added. While 0.05 was taken as the boundary for statistical significance, probabilities up to 0.10 were noted as an additional guide in judging the summary correlation coefficients. The probabilities were qualified by the fact that a large number of correlated variables were being tested.
Because all diet variables are more or less correlated, a multiple regression was calculated using those variables with the strongest relations to this set of lipid measurements. Finally, to neutralize the choice of variables, the multiple regression was repeated using all the major sources of calories, whether or not they were significantly related to the plasma lipids in univariate analysis. Allowance also was made for the fact that the LRC participants were seen at 10 geographically dispersed locations and that lipid and lipoprotein levels, as well as the levels of nutrient intake, differed from one location to another. To control for these population (clinic) differences, the linear models included "clinic" as a blocking variable. Also included in the regression were terms for the confounding variables of age and Quetelet Index [(weight/height 2 ) x 1000]. The regressions were evaluated on the assumption that the data followed a multivariate normal distribution, with a common variance-covariance matrix in the blocks. Because triglyceride distributions are highly skewed, they were transformed to the natural logarithm (In) of triglycerides for analysis. All references to triglycerides refer to In triglycerides.
Results
The distributions of lipid and lipoprotein levels in the 10 North American Lipid Research Clinics populations and the distributions of dietary variables have been compiled and published elsewhere. 2324 Table  1 provides the mean values for the variables in the LRC populations that are pertinent to this report.
Using these LRC Prevalence Study data for our correlations, we have found a number of statistically significant associations of diet with LDL-C, total cholesterol, triglycerides, and VLDL-C. Table 2 summarizes the weighted correlation coefficients between selected lipids and dietary variables (expressed both as the actual intake and as a percentage of total intake). While these associations are all relatively weak, they are nonetheless of some interest. The primary focus is on LDL-C and triglycerides. With few exceptions, their relations to diet closely parallel those of total cholesterol and VLDL-C. The most important features of table 2 are highlighted in the Discussion and Conclusion sections.
Multiple Regression Analyses
In table 3 the results of multiple regression analysis are presented. Three sets of independent variables are considered: 1) clinic, Quetelet Index, age, and hormone use for women; 2) the three variables in set 1 plus the diet variables of alcohol intake and percentage of energy intake from fat and carbohydrates; 3) the three variables in set 1 plus the diet variables of protein, sucrose, starch, other carbohydrate, and fat (in grams/day) and alcohol (in milliliters/day). Regression in the first set of variables measures the proportion of variance "explained" by the specified nondietary variables. These are important sources of lipid variation (in one instance they account for as much as 26% of the variation between persons). Because they are also related in some measure to diet, they should be taken into account in the regression analysis. Regression in the second Abbreviations: Quetelet Index = (weight/height 2 ) x 1000; SFA = saturated fatty acids; MFA = monounsaturated fatty acids; PFA = polyunsaturated fatty acids; P/S ratio = polyunsaturated fatty acids:saturated fatty acids; C/S ratio = sum of sucrose and "other" carbohydrates: starch; Ln TG = natural logarithm of triglyceride. set adds those diet variables which were found to be most strongly associated with the lipids and lipoproteins considered in this analysis. The additional "explanation" provided by these diet variables is quite small. Regression in the third set avoids the choice of an optimum set of diet variables by taking into account all the major diet variables, with a detailed division of the carbohydrates. This shows little improvement over the second regression. In no case is more than 2% of the variation of total cholesterol, LDL-cholesterol, triglycerides, or VLDL-cholesterol accounted for by the diet variables included in the regressions for set 2 or 3.
Discussion
Three Kinds of Diet Studies
There are three kinds of evidence linking diet with blood lipid concentrations -experimental, interpopulation (cross-cultural), and intrapopulation (cross-sectional). Each has its strengths and weaknesses. In a metabolic ward the dietary intake can be accurately measured and controlled and other factors that may affect lipid levels can be held constant. On the other hand, the dietary manipulations may be quite artificial, without counterparts in free-living populations, and the study group is likely to be relatively small and not representative of general populations. Most metabolic ward studies are isocaloric and attempt.to keep body weight constant; thus, increasing one nutrient requires that some other be decreased. This induces a negative correlation between dietary changes in experiments. In free-living populations, on the contrary, the major nutrients tend to be positively correlated. Free-living populations vary not only in what they eat but also in the amount they eat, as well as in their weights and in the level of their physical activity. This is a much more complicated setting than is manageable in experiments. That does not mean, however, that experimental results are inapplicable to general populations. Intervention studies have repeatedly demonstrated that it is feasible to lower plasma total and LDL-cholesterol as well as triglycerides by dietary means, even in free-living populations. ^Z 1 Comparisons of different populations are the second major source of information on the relation of diet and plasma lipids. Such cross-cultural studies have an advantage over experimental studies in being based unequivocally on what people actually eat in the course of their usual activities. These studies have the advantage over cross-sectional studies (such as the LRC Prevalence Study) of displaying a wider range of human diets than can be observed in any one population. However, populations differ not only in the composition of their diets but also in their total calorie intake, their body weight, their physical activity, and a multitude of other factors. What is more, their dietary differences themselves are apt to be ambiguous. Populations that obtain a smaller proportion of their calories from saturated fat, for example, typically obtain a larger proportion of their calories from starch. Without persuasive evidence from other sources, it is impossible to say with any assurance which facet of the diet accounts for observed population differences in plasma lipid levels or to determine whether plasma lipid differences are attributable to dietary differences at all.
The third kind of evidence, represented in this report, is a cross-sectional examination of the diet and blood lipids of individuals within a population. These studies, like the cross-cultural studies, are concerned with what people actually do. Their added strength comes from the fact that they deal with individuals rather than groups. This enhances their ability to account for confounding variables. However, when large numbers of individuals are studied, it is usually practical to examine blood lipids only once. Moreover, the most convenient instrument for assessing diet in large groups, the 24-hour dietary recall, is relatively unreliable in identifying the diet of any individual, particularly in populations with diverse and variable diets. 2 *-x No alternative means of collecting dietary information is entirely satisfactory. Cross-sectional studies, then, suffer from the imprecision of the data they collect and they only indirectly address the question of inducing a change in plasma lipids by dietary means.
In the following discussion of the LRC prevalence data, LDL-C and triglycerides are considered separately. Except where otherwise noted, the findings for total cholesterol are similar to those for LDL-C, and those for VLDL-C are similar to those for triglycerides.
LRC Prevalence Study Data
LDL-Cholesterol
While a number of diet variables are significantly related to LDL-C in the LRC data, three seem of particular interest -total calories, total carbohydrates, and percentage of calories from fat. Total calories are negatively related to LDL-C levels. Total carbohydrates, whether expressed as grams consumed each day or as a percentage of total calories, are also negatively related to LDL-C levels. Fat intake -when expressed as a percentage of total calories but not when expressed in grams consumed -is positively related to LDL-C levels (p < 0.001). The relation of carbohydrate intake to total cholesterol is slightly stronger, while that of the percentage of calories from fat to total cholesterol is slightly weaker, than the relation of these nutrient measures to LDL-C. The LRC findings about the relation of these nutrient measures to total plasma cholesterol generally agree with the results of other cross-sectional studies in general populations 31 " 35 (table 4 ).
The LRC observation that the more people eat, the lower their LDL-C or total cholesterol level seems surprising. However, it is consistent with reports of other studies (table 4) . The explanation may lie in the fact that most people maintain a relatively constant weight over long periods of time; 36 that is, they are in caloric balance. Calorie intake, then, is really a measure of calorie output, a measure partly of physical activity and perhaps of differences in metabolism. Although the evidence that greater physical ac-tivity is directly associated with lower levels of LDL-C is not entirely convincing, it is noteworthy that in the LRC data, calories/weight is more strongly related to LDL-C level than calories alone. Calories/weight is sometimes considered a crude index for physical activity. 37 Carbohydrates are the dietary variable with the strongest indicated relation to LDL-C and total cholesterol. This negative relation holds true for total carbohydrates and for each specific carbohydrate (starch, sucrose, and other carbohydrates). Crosssectional data from other populations (table 4) confirm the negative association of plasma total cholesterol level with total carbohydrates and starch, but provide little information on other forms of carbohydrates. The limited evidence available about the carbohydrate/starch (C/S) ratio and its relation to total cholesterol is inconsistent, perhaps because it is a highly unreliable statistic as measured by a 24-hour recall. In the LRC study, the correlation of the C/S ratio with LDL-C and total cholesterol is negligible for men, but positive and statistically significant for women. Interpopulation comparisons appear to argue for a negative relation of the C/S ratio to total cholesterol. 138 Experimental studies suggest that a larger proportion of carbohydrate from starch would lead to lower levels of total cholesterol; they also indicate a negative relation. 3940 They are, of course, ambiguous about the role of total carbohydrates since an increase in the amount of carbohydrates typically balances a decrease in the amount of fat to maintain caloric balance. Abbreviations: NA = not available; P/S = polyunsaturated fatty acid/saturated fatty acid ratio; C/S = ratio of the sum of sucrose and other carbohydrates to starch; Cal. = calories; Prot. = protein; Carb. = carbohydrates; Sat. = saturated; Choi. = cholesterol.
Numbers in parentheses refer to the pertinent reference from which the data were extracted.
Fat intake is positively related to LDL-C, but only when expressed as a percentage of total energy intake. This is a general finding in cross-sectional studies (table 4 ). In the LRC study, the relationship holds for each form of fat in men, but in women it holds only for SFA and MFA. In these data there is no statistically significant relation between LDL-C and the P/S ratio for either sex. Limited cross-sectional data indicate negative correlations between total cholesterol and the P/S ratio (table 4) , and interpopulation comparisons also imply a negative correlation. 1 ' 1231 Experimental studies, showing that increasing the P/S ratio tends to lower total cholesterol concentrations, also demonstrate a negative correlation. 8 " 10 The LRC data show no statistically significant relationship between dietary cholesterol intake (in grams) and either LDL-C or total blood cholesterol. Experimental studies indicate that increasing the consumption of dietary cholesterol tends to increase the concentration of total cholesterol, 40 " 42 and most cross-sectional studies as well report a positive relation between dietary cholesterol and total cholesterol 31 " 35 (table 4) . Thus, the LRC data on dietary cholesterol are not in accord with reports from other sources.
Several other statistically significant correlations between diet variables and LDL-C are found in the LRC data -but only for women. Two of these are the negative correlations of LDL-C level with alcohol and with protein consumption. For LRC men, on the other hand, there is no discernible relation between these variables and LDL-C. The general finding in cross-sectional studies is that alcohol consumption and LDL-C levels in men are negatively correlated. 43 In the LRC data, the relation of diet with total cholesterol generally parallels that of diet with LDL-C. This is logical, because LDL-C constitutes roughly two-thirds of the total cholesterol in LRC adults and these two lipid measures are highly correlated (0.85 for LRC men, 0.90 for LRC women). The only substantial discrepancy concerns alcohol. In men alcohol intake as measured by the 24-hour recall is positively associated with total plasma cholesterol (p < 0.001), whereas the correlation with LDL-C is near zero. In women, however, the correlation of alcohol intake with total cholesterol is near zero, whereas alcohol intake is negatively associated with LDL-C (p < 0.01). These differences between total and LDL cholesterol derive from the relation of alcohol with HDL-C. While HDL carries less than one-third of the total cholesterol (23% for LRC men and 29% for LRC women), its positive relation to alcohol consumption is so strong 16 that it has a discernible effect on the relation of total cholesterol to alcohol consumption.
Triglycerides
Experimental studies have tended to focus on the relation of carbohydrate and alcohol consumption to triglyceride concentrations. 44 " 52 However, in the LRC population the only relations that are both statistically significant and in the same direction for men and women are the negative correlation coefficients of triglycerides with fats (PFA in grams, percentage of calories from total fat, SFA and PFA, the P/S ratio, and the percentage of fat from PFA). While the correlation coefficient for calories/weight is also statistically significant for both men and women, this is a reflection of the strong positive relation of weight to triglyceride level. Calorie intake is unrelated to triglycerides. Neither experimental work nor cross-cultural studies have suggested that dietary fats are so strongly related to triglyceride levels. Apparently, dietary factors associated with blood triglyceride concentrations require more investigation.
In the LRC data, the relation of triglycerides to carbohydrates and alcohol appears to differ for men and women. The intakes of starch and sucrose are positively and significantly related to triglyceride level in women but bear little or no relation to triglyceride level in men. Triglycerides and the C/S ratio are positively related in LRC women (p < 0.01) and negatively related in LRC men (p < 0.05). There are little cross-sectional data on this subject. Interpopulation data present no clear picture. In Puerto Rico and among Honolulu Japanese, men consume more carbohydrates in total, more starch in particular, and have higher C/S ratios than Framingham men but nonetheless average higher blood triglyceride levels. 3153 The Bantu, on the other hand, have high starch diets and low average triglyceride levels. 54 Some experimental studies suggest that substituting starch for fat or increasing the C/S ratio tends to lower triglyceride levels, 44 but whether this effect holds over the long term is moot.
Cross-sectional data on alcohol consumption in men show a positive association with triglyceride level. 43 In this respect, the LRC data for men correspond to our expectations. On the other hand, for LRC women there is an inverse relation between alcohol consumption and triglyceride level. While this is statistically significant only when alcohol consumption is expressed as a percentage of total calories, it is in accord with the findings reported for women in the Framingham Study. 43 The statistically significant correlations between diet variables and triglycerides are paralleled by those between the same diet variables and VLDLcholesterol, but are generally stronger for triglycerides than for VLDL-C. This is expected because of the high correlation between In triglycerides and VLDL-cholesterol. (In the LRC population the correlation coefficient between In triglycerides and VLDL-C was 0.77 for men and 0.70 for women). The relatively smaller technical variation in the measurement of triglycerides would lead us to expect stronger relations with that lipid than with VLDL-cholesterol.
Sex and Age
The LRC data indicate there may be some differences in diet-lipid relations by sex. More and strong-er relations of dietary factors with LDL-C, triglycerides, and total cholesterol are evident for women than for men. This may be partly due to the fact that the 24-hour recall is more reliable for women than for men. 29 Age differentials (not presented) are less clear, possibly because age-specific groups are so small that the standard errors for each are large relative to the size of the correlation coefficients.
Conclusions
By using the data from the LRC Prevalence Study, it is possible to discern significant relations between certain features of the diet and plasma lipid levels. The positive association of LDL-C and total cholesterol with the percentage of calories from fat and the negative association of these two variables with carbohydrate intake indicate that some processes documented by dietary experiments do produce measurable differences in blood lipids among free-living individuals. Moreover, these findings concur with those from interpopulation studies. This agreement of results argues for the ability of cross-sectional studies to discern real relationships between diet and lipids and for the validity of the statistically significant findings in this report, even where our findings point to relationships that have not previously been emphasized. In particular, the LRC data suggest that greater attention should be paid to the role of carbohydrates in the control of LDL-C (or total cholesterol) and to the role of fats in the control of triglyceride levels.
But how important and meaningful are the crosssectional relations we have noted? Expressed in the form of simple correlation coefficients, none of the specific nutrients measured in the LRC Prevalence Study accounts for more than 1 % of the total variance of the lipids considered, although there are some remarkably consistent findings among the cross-sectional studies. Taken together, but controlled for age, Quetelet Index and clinic, dietary variables in the LRC data account for no more than 2% of the variance of LDL-C, total cholesterol, triglycerides, or VLDL-C. The weakness of the noted relations may be partly explained by the unreliability of the 24-hour recall; but even after allowance is made for that, only a small proportion of the lipid variance within the LRC population is explained by diet. Available data indicate that one-half to two-thirds of the variance of a nutrient measurement (the amount varying with the nutrient) is accounted for by day-today variation of intake and by random errors in recall and nutrient assessment. There is also a small technical error in the measurement of lipoproteins and lipids. Even if we allow for all of these extraneous sources of variation, probably less than 10% of the variance in lipid levels from person to person can be explained by the dietary variables we have considered. Thus, the LRC data suggest, as do all similar data from other populations, that dietary variation plays a minor role in interindividual variations in lipid levels, but that most of the variation in lipid levels between persons in general populations is attributable to nondietary factors.
This conclusion must be kept in perspective. It has been repeatedly demonstrated by controlled experiments and by intervention studies in free-living populations that dietary changes do produce changes in the mean level of plasma lipids. The plasma changes induced by these dietary modifications are predictable both in direction and in order of magnitude. Cross-sectional studies do not contradict these results. Rather they imply something else: that in addition to diet (at least in terms of the diet variables we have considered), there are other powerful factors influencing plasma lipid levels. Among these are shifts in the balance of energy leading to changes in weight, metabolic alterations associated with disease (such as diabetes), and congenital differences from genetic or other causes; but there may well be other factors as well. Thus, the findings in this report point to additional areas of research that may be profitably explored, rather than contradicting results from other research. They also suggest that additional investigations of dietary factors are highly desirable.
